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Abstract. Manufacturing firms increasingly produce and provide services along 

with their traditional physical products. This process, better known as servitiza-

tion, is a mature theme in the literature, flourishing in recent years. Digital dis-

ruption is propelling manufacturers to move on towards digital transformation 

and deliver digital services. Prior research investigated the impact of servitiza-

tion measured by the traditional services. However, the role of digital technolo-

gies in manufacturing is neglected. This paper intends to shed light on the im-

pact of digital service portfolio antecedents on firm performance. Our analysis 

used the Serbian dataset of 240 manufacturing firms from the European Manu-

facturing Survey conducted in 2018. The empirical results show that, in manu-

facturing firms, digital services can significantly increase the turnover ratio. Re-

sults indicate that management in manufacturing companies should utilize digi-

tal services such as Web-based services for customized product design and 

Web-based offers for product utilization to maximize firm’s turnover ratio and 

upgrade current service business model. 

Keywords: Digital services, Servitization, Financial performance. 

1 Introduction 

A paradigm shift in business models is occurring in the manufacturing industry [1]. 

Durable goods manufacturers choose to innovate their offerings by providing services 

to accompany their existing products throughout the life cycle [2]. However, with the 

advent of new technologies (i.e. information technologies), traditional services such 

as maintenance and repair [3] are not enough. Digital disruption is propelling manu-

facturers to move on towards digital transformation and deliver digital services. For 

example, latest report from McKinsey shows that manufacturing firms are introducing 

on average eight digital services [4]. However, this number varies widely by country. 

The literature has looked at the impact of servitization measured by the traditional 

services on performance [2], [5]–[8], however the role of digital technologies in ser-
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vice business transformation is under-investigated [9]. This paper investigates and 

offers an understanding on how digital services affect the turnover in manufacturing 

firms. 

This study relies on a unique dataset from the European Manufacturing Survey 

(EMS) with a sample of 240 industrial firms from Serbia. Our analysis shows that 

digital services have positive influence on firm’s turnover ratio. Two out of five digi-

tal services (i.e. web-based services for customized product design and web-based 

offers for product utilization) positively affect firm performance.    

2 Background and related work 

2.1 Digital manufacturing services  

In the literature, service strategy has a long presence through wide terminology such 

as servitization [10], servicizing [11], product–service systems [12], or even open 

service innovation [2], et cetera. Today, the presence of digital technologies has 

brought the transformation of service business models [9] and formed something that 

is called digital services. The provision of digital services, or ‘Digital servitization’, 

has become a sub-stream of service business model [13]. Digital servitization is de-

fined as “the provision of IT-enabled (i.e. digital) services relying on digital compo-

nents embedded in physical products” [13]. Digital services are different from tradi-

tional since the marginal cost of digital services is near zero and they are substitutes 

for traditional products [14]. 

Digital technologies such as Internet of things, cloud computing and predictive an-

alytics [9] are considered a key elements of the fourth industrial revolution [15]. For 

instance, Digital McKinsey [4] report shows that two thirds of manufacturing firms 

worldwide say that digital solutions in manufacturing are one of their highest priori-

ties. Technological development potentially offers a variety of benefits for firms able 

to utilize it and seamlessly embed them in business models and products to improve 

market competitiveness [15] and provide more accurate information sharing inside 

and outside the boundaries of the firm [16]. While broadening the perspective from 

product-related services to digital services is fundamental to the servitization debate, 

its impact on a firm’s performance remains in question. This is partly due to the fact 

that the possibility to charge for digital services that had previously been free repre-

sents a challenge to managers [17].  

Certainly, the concept of servitization could enhance the competitiveness of a 

manufacturing firms while simultaneously advancing economic conditions, resulting 

in a higher turnover from selling digital services [18]. Studies that deal with the as-

sessment of whether adding additional services, even digital, improves the financial 

performance of a firm are scarce and more empirical research is needed in this area 

[2], [19], [20]. To shed more light on this important area of production research, we 

investigate how specific digital service portfolio choices influence firm’s financial 

implications. 
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2.2 Research questions 

Based on literature review, the following research questions were proposed in attempt 

to identify the different effects of digital services on manufacturing firm’s turnover: 

• RQ1: The deployment of digital services will positively impact firm’s turnover 

ratio?  

• RQ2: Which digital services, if any, increase firm’s turnover ratio?  

The digital services presented in the model were identified based on exploratory in-

terviews with practitioners and group discussions with experts in the field. All EMS 

consortium members were involved in this process which resulted in a universal 

transversal list of digital services so that all manufacturing sectors can apply it regard-

less of the product offered. Identified digital services are: (1) Web-based offers for 

product utilization, (2) Web-based services for customized product design, (3) Digital 

(remote) monitoring of operating status, (4) Mobile devices for diagnosis, repair or 

consultancy, and (5) Data-based services based on big data analysis. Consequently, 

these digital services were included in the EMS questionnaire. We use the turnover 

ratio as our dependent variable. The turnover ratio was defined as the annual turnover 

of the firm in the year 2017 divided by the annual turnover of the firm in the year 

2015 [21].  

Figure 1 depicts the proposed research framework. 

 

Fig. 1. Research framework. 

3 Data and methodology 

Data for this empirical study derive from the European Manufacturing Survey, a sur-

vey on manufacturing strategies, application of innovative organizational and techno-

logical concepts in production, and questions of digital servitization in the European 

manufacturing industry [22]. The EMS is administered by the Fraunhofer Institute for 

Systems and Innovation Research [23]. The objective of this regular, triennial ques-

tionnaire is to systematically monitor the innovation behavior of European manufac-

turing enterprises at the firm level. The concepts, constructs and questions are well-

tested and have been agreed upon in the EMS consortium. The six-page questionnaire 

includes questions on innovation activity, firm and industry characteristics, and gen-

eral firm data. The survey is sent out repeatedly to senior managers of firms with 20 

or more employees and designed to be representative of all regions, industrial sectors 
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covered, and enterprise sizes. The survey is conducted among manufacturing firms, 

addressing manufacturing sites (NACE Rev. 2 codes from 10 to 33). A non-response 

analysis is conducted to ensure that the sample is representative of the population. 

The analytical dataset includes 240 observations of manufacturing firms from Serbia. 

The dataset in our research is from the 2018 survey edition. The comparison of data 

regarding firm size and industry sector distribution between Serbian subsample, and 

those of other EMS countries (e.g. Croatia, Germany, Lithuania, Slovakia, Slovenia) 

shows no significant size bias. 

With regard to descriptive statistics, the sampled firms report, on average, a firm 

size of 124 employees (SD = 207). In total, 110 companies are small firms (fewer 

than 50 employees), 103 companies are medium-sized (between 50 and 249 employ-

ees), and 27 firms are large enterprises (more than 250 employees). Firms belonging 

to the food products (39 firms), fabricated metal products (36 firms), and rubber and 

plastic products (21 firms) sectors account for the most prominent observations in the 

sample. Tables 1 and 2 depict the sample distribution regarding size and industry 

sector. 

To analyze the relationships between digital services and financial implications we 

employed a multivariate data analyzes. 

Table 1. EMS database – distribution of firms by size. 

Firm size n % 

20 to 49 employees 110 45.8 

50 to 249 employees 103 42.9 

250 and more employees 27 11.3 

Total 240 100.0 

Table 2. Classification on manufacturing sectors according to share on total sample. 

NACE 

Rev. 2 

Manufacturing industry Share on total 

sample (%) 

10 Manufacture of food products  16.3 

25 Manufacture of fabricated metal products 15 

22 Manufacture of rubber and plastic products 8.8 

27 Manufacture of electrical equipment 6.3 

28 Manufacture of machinery and equipment 6.3 

14 Manufacture of wearing apparel 5.8 

16 Manufacture of wood and of products of wood and cork 4.6 

23 Manufacture of other non-metallic mineral products 4.6 

29 Manufacture of motor vehicles, trailers and semi-trailers 4.2 

 Others 28.1 

4 Results and Discussion 

Table 3 presents linear regression model, for a dependent variable (turnover ratio), 

used to test research questions. 
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Table 3. Results of linear regression. 

Digital services Model parameters  

Web-based offers for product utilization    .481+ 

Web-based services for customized product design    .532* 

Digital (remote) monitoring of operating status   -.434 

Mobile devices for diagnosis, repair or consultancy    .108 

Data-based services based on big data analysis    .083 

R  0.627 

R2  0.393 

F  3.782 

Sig.  0.002 

Note: *p<0.05; +p<0.1; 

 

In the regression model that tests both research questions, the overall model was 

significant, R2 = .393, F = 3.782, p < .01. One predictor had a significant coefficient – 

Web-based services for customized product design (B = .532, p < .05), thus support-

ing the idea to include them in the service portfolio to increase the turnover ratio. The 

influence of Web-based offers for product utilization on turnover ratio was not signif-

icant at p<.05, but marginally significant at p<.1 (B = .481). Hence, manufacturing 

firms should also include them in the digital service offering. However, manufactur-

ing firms focusing on the development of digital services such as Digital (remote) 

monitoring of operating status (B = -.434, p > .1), Mobile devices for diagnosis, repair 

or consultancy (B = -.973, p > .1), and Data-based services based on big data analysis 

(B = .083, p > .1) show no statistically significant effect on turnover ratio. 

As a major finding, our research indicates that the deployment of specific digital 

service portfolio choices will exhibit distinct financial performance. For instance, our 

results indicate that manufacturing firms should provide web-based services for cus-

tomized product design and web-based offers for product utilization as digital services 

to increase firm’s turnover ratio. It is not clear from our data, however, whether the 

success of the two digital services is due to the additional managerial focus these 

firms received, or if, as we assume, cultural practices of customers in emerging mar-

ket. These results are in line with previous studies [15], [24], [25].   

5 Conclusion 

This study examines digital servitization strategies of manufacturing firms. Conse-

quently, this paper provides theoretical and practical implications on how and in what 

way digital services impact the manufacturing firm turnover. The empirical results 

indicate that two digital services significantly or marginally influence a firm’s turno-

ver ratio. Today, many manufacturing firms are evolving their business strategy from 

the traditional focus on product offerings toward a new direction, so that business 

models based on digital services can bring higher performance [26], [27]. Our results 
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indicate actionable insights for managers of manufacturing firms to expand their un-

derstanding of how to increase turnover with provision of digital services. Specifical-

ly, managers in manufacturing firms should provide digital services such as web-

based services for customized product design and web-based offers for product utili-

zation, to maximize the firm’s turnover. However, managers should be aware that not 

all digital service provisions will lead to a service business model. 

Our sample was collected from all manufacturing industries, and, perhaps due to 

the industry specificity, results could differ. Also, there are various aspects that should 

be taken into consideration for the assessment of digital service impact on a firm’s 

turnover (e.g. type of customer served, seasonality, and promotion). Further research 

is necessary to assess the experience and challenges of firms with a focus on one in-

dustry (i.e. the manufacture of fabricated metal products) and to consider different 

challenges in measuring the impact of digital services provided by manufacturing 

firms. Development of these ideas could prove especially useful for firms facing the 

challenges of a particular industry, showing that specific digital services can improve 

their financial performance [2]. 

References 

1. M. A. Cusumano, S. j Kahl, and F. F. Suarez, “Services, industry evolution, and the 

competitive strategies of product firms,” Strateg. Manag. J., vol. 36, pp. 559–575, 2015. 

2. I. Visnjic Kastalli and B. Van Looy, “Servitization: Disentangling the impact of service 

business model innovation on manufacturing firm performance,” J. Oper. Manag., vol. 31, 

no. 4, pp. 169–180, 2013. 

3. U. Marjanovic, B. Lalic, V. Majstorovic, N. Medic, J. Prester, and P. Iztok, “How to 

Increase Share of Product-Related Services in Revenue? Strategy Towards Servitization,” 

in Advances in Production Management Systems. Smart Manufacturing for Industry 4.0, 

2018, vol. 536, pp. 57–64. 

4. A. Behrendt, A. Duron, R. Kelly, S. Mussler, R. Rettig, and S. Stoffregen, “Digital 

Manufacturing – escaping pilot purgatory,” 2018. 

5. F. F. Suarez, M. A. Cusumano, and S. J. Kahl, “Services and the Business Models of 

Product Firms : An Empirical Analysis of the Software Industry,” Manage. Sci., vol. 59, 

no. 2, pp. 420–435, 2013. 

6. I. Visnjic, F. Wiengarten, and A. Neely, “Only the Brave: Product Innovation, Service 

Business Model Innovation, and Their Impact on Performance,” J. Prod. Innov. Manag., 

vol. 33, no. 1, pp. 36–52, 2016. 

7. E. (Er) Fang, R. W. Palmatier, and J.-B. E. . Steenkamp, “Effect of Service Transition 

Strategies on Firm Value,” J. Mark., vol. 72, no. 5, pp. 1–14, 2008. 

8. A. Eggert, J. Hogreve, W. Ulaga, and E. Muenkhoff, “Revenue and Profit Implications of 

Industrial Service Strategies,” J. Serv. Res., vol. 17, no. 1, pp. 23–39, 2014. 

9. M. Ardolino, M. Rapaccini, N. Saccani, P. Gaiardelli, G. Crespi, and C. Ruggeri, “The role 

of digital technologies for the service transformation of industrial companies,” in 

International Journal of Production Research, 2018, vol. 56, no. 6, pp. 2116–2132. 

10. D. Opresnik and M. Taisch, “The value of big data in servitization,” Int. J. Prod. Econ., 

vol. 165, pp. 174–184, 2015. 

11. S. Rothenberg, “Sustainability Through Servicizing,” MIT Sloan Manag. Rev., vol. 48, no. 

2, pp. 83–91, 2007. 



7 

12. A. Tukker, “Eight types of product–service system: eight ways to sustainability? 

Experiences from SusProNet,” Bus. Strateg. Environ., vol. 13, no. 4, pp. 246–260, 2004. 

13. F. Vendrell-Herrero, O. F. Bustinza, G. Parry, and N. Georgantzis, “Servitization, 

digitization and supply chain interdependency,” Ind. Mark. Manag., vol. 60, pp. 69–81, 

2017. 

14. S. Greenstein, “Digitization and value creation,” IEEE Micro, vol. 30, no. 4, pp. 4–5, 2010. 

15. C. Suppatvech, J. Godsell, and S. Day, “The roles of internet of things technology in 

enabling servitized business models: A systematic literature review,” Ind. Mark. Manag., 

pp. 1–17, 2019. 

16. D. Kindström and C. Kowalkowski, “Service innovation in product-centric firms: A 

multidimensional business model perspective,” J. Bus. Ind. Mark., vol. 29, no. 2, pp. 96–

111, 2014. 

17. C. Kowalkowski, L. Witell, and A. Gustafsson, “Any way goes: Identifying value 

constellations for service infusion in SMEs,” Ind. Mark. Manag., vol. 42, no. 1, pp. 18–30, 

2013. 

18. Y. Shimomura, Y. Nemoto, T. Ishii, and T. Nakamura, “A method for identifying 

customer orientations and requirements for product–service systems design,” Int. J. Prod. 

Res., vol. 7543, no. December, pp. 1–11, 2017. 

19. H. Gebauer, “Service-driven manufacturing Provision, evolution and financial impact of 

services in industrial firm,” J. Serv. Manag., vol. 23, no. 1, pp. 120–136, 2012. 

20. C. Kowalkowski, H. Gebauer, and R. Oliva, “Service growth in product firms: Past, 

present, and future,” Ind. Mark. Manag., vol. 60, pp. 82–88, 2017. 

21. C. Kowalkowski, H. Gebauer, B. Kamp, and G. Parry, “Servitization and deservitization: 

Overview, concepts, and definitions,” Ind. Mark. Manag., vol. 60, pp. 4–10, 2017. 

22. B. Lalic, V. Majstorovic, U. Marjanovic, M. Delić, and N. Tasic, “The Effect of Industry 

4.0 Concepts and E-learning on Manufacturing Firm Performance: Evidence from 

Transitional Economy,” in Advances in Production Management Systems. The Path to 

Intelligent, Collaborative and Sustainable Manufacturing, 2017, vol. 513, pp. 298–305. 

23. Fraunhofer Institute, “European Manufacturing Survey,” 2018. [Online]. Available: 

http://www.isi.fraunhofer.de/isi-en/i/projekte/fems.php. [Accessed: 04-Mar-2019]. 

24. A. Neely, “Exploring the financial consequences of the servitization of manufacturing,” 

Oper. Manag. Res., vol. 1, no. 2, pp. 103–118, 2009. 

25. R. Oliva and R. Kallenberg, “Managing the transition from products to services,” Int. J. 

Serv. Ind. Manag., vol. 14, no. 2, pp. 160–172, 2003. 

26. I. Visnjic, D. Ringov, and S. Arts, “Which Service? How Industry Conditions Shape 

Firms’ Service Type Choices,” J. Prod. Innov. Manag., vol., no., Dec. 2019. 

27. A. Ziaee Bigdeli, O. F. Bustinza, F. Vendrell-Herrero, and T. Baines, “Network 

positioning and risk perception in servitization: evidence from the UK road transport 

industry,” Int. J. Prod. Res., vol. 56, no. 6, pp. 2169–2183, 2018. 

 


